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Nelson, Katy Rainey, William D Beavis, Jim Specht, Brian Diers, and Perry Cregan
Abstract
A set of nested association mapping (NAM) families was devel-
oped by crossing 40 diverse soybean [Glycine max (L.) Merr.] 
genotypes to the common cultivar. The 41 parents were deeply 
sequenced for SNP discovery. Based on the polymorphism of 
the single-nucleotide polymorphisms (SNPs) and other selec-
tion criteria, a set of SNPs was selected to be included in the 
SoyNAM6K BeadChip for genotyping the parents and 5600 
RILs from the 40 families. Analysis of the SNP profiles of the RILs 
showed a low average recombination rate. We constructed ge-
netic linkage maps for each family and a composite linkage map 
based on recombinant inbred lines (RILs) across the families and 
identified and annotated 525,772 high confidence SNPs that 
were used to impute the SNP alleles in the RILs. The segregation 
distortion in most families significantly favored the alleles from the 
female parent, and there was no significant difference of residual 
heterozygosity in the euchromatic vs. heterochromatic regions. 
The genotypic datasets for the RILs and parents are publicly avail-
able and are anticipated to be useful to map quantitative trait loci 
(QTL) controlling important traits in soybean.
Published in Plant Genome  
Volume 10. doi: 10.3835/plantgenome2016.10.0109 
 
© Crop Science Society of America 
5585 Guilford Rd., Madison, WI 53711 USA 
This is an open access article distributed under the CC BY-NC-ND 
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Q.J. Song, C. Quigley, E. Fickus, and P. Cregan, Soybean Ge-
nomics and Improvement Lab., USDA–ARS, 10300 Baltimore Ave, 
Building 006, Beltsville, MD 20705; L. Yan, Institute of Cereal and 
Oil Crops, Hebei Academy of Agricultural and Forestry Sciences, 
Shijiazhuang, 050035, China; B.D. Jordan, B. Diers, Dep. of Crop 
Sciences, Univ. of Illinois, 268 National Soybean Research Center, 
1101 West Peabody Drive, Urban, IL 61801; S. Schroeder, USDA–
ARS, Animal Genomics and Improvement Laboratory, Beltsville, MD, 
20705; B.H. Song, Dep. of Biological Sciences, Univ. of North 
Carolina at Charlotte, Charlotte, NC 28223; Y.Q.C. An, USDA–
ARS, Plant Genetics Research Unit at Donald Danforth Plant Sciences 
Center, Saint Louis, Missouri; D. Hyten, Dep. of Agronomy and Hor-
ticulture, Univ. of Nebraska, Lincoln, NE 68583; J. Specht, Dep. of 
Agronomy and Horticulture, Univ. of Nebraska, Lincoln, NE 68583, 
USA; R. Nelson, USDA–ARS, Soybean/Maize Germplasm, Pathol-
ogy and Genetics Research Unit and Dep. of Crop Sciences, Univ. 
of Illinois, Urbana, IL 61801; K. Rainey, Dep. of Agronomy, Purdue 
Univ., Lilly 2-351, West Lafayette, IN 47906; W.D. Beavis, Dep. 
of Agronomy, Iowa State Univ., Ames, Iowa 50011. Received 26 
Oct. 2016. Accepted 23 Jan. 2017. *Corresponding author (Qijian.
song@ars.usda.gov). Assigned to Associate Editor Robert Stupar.
Abbreviations: GWAS, genome-wide association studies; MG, 
maturity group; NAM, nested association mapping; QTL, quantitative 
trait loci; RE, recombination event; RH, residual heterozygousity; RIL, 











Published April 27, 2017




































































































Selection of a Diverse Set of Parents for Nested 
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Recombination Events and Genetic Linkage Maps 





Fig. 1. Phylogenic tree with 120 soybean genotypes based on 1364 SNPs. The genotypes with a green dot were used as parents to 
cross with IA3023 and to develop families for the nested association mapping population.





















Table 1. Sequence data (Mb) and sequence coverage obtained for each of the 41 nested association mapping 
(NAM) parents.
Parents NAM family ID Yield Sequence coverage Parents NAM family ID Yield Sequence coverage
Mb  Mb 
4J105-3-4 NAM03 12,112 12.5 LG94-1128 NAM33 6025 6.2
5M20-2-5-2 NAM04 8210 8.5 LG94-1906 NAM34 8126 8.4
CL0J095-4-6 NAM05 9641 9.9 LG97-7012 NAM36 6003 6.2
CL0J173-6-8 NAM06 6375 6.6 LG98-1605 NAM37 5344 5.5
HS6-3976 NAM08 9026 9.3 Magellan NAM14 3890 4.0
IA3023 123,132 127.0 Maverick NAM15 5750 5.9
LD00-3309 NAM10 12,443 12.8 NE3001 NAM18 8535 8.8
LD01-5907 NAM11 5915 6.1 PI398881 NAM40 10,717 11.0
LD02-4485 NAM12 7565 7.8 PI404188A NAM54 11,533 11.9
LD02-9050 NAM13 6191 6.4 PI427136 NAM41 13,702 14.1
LG00-3372 NAM38 6819 7.0 PI437169B NAM42 15,076 15.5
LG03-2979 NAM24 13,641 14.1 PI507681B NAM46 11,330 11.7
LG03-3191 NAM25 11,802 12.2 PI518751 NAM48 14,566 15.0
LG04-4717 NAM26 9997 10.3 PI561370 NAM50 13,670 14.1
LG04-6000 NAM39 6605 6.8 PI574486 NAM64 9345 9.6
LG05-4292 NAM27 11,725 12.1 Prohio NAM09 10,322 10.6
LG05-4317 NAM28 9464 9.8 S06-13640 NAM17 6206 6.4
LG05-4464 NAM29 9571 9.9 Skylla NAM22 7004 7.2
LG05-4832 NAM30 9412 9.7 TN05-3027 NAM02 11,035 11.4
LG90-2550 NAM31 5441 5.6 U03-100612 NAM23 14,596 15.0
LG92-1255 NAM32 9227 9.5 Total 497,089
Fig. 2. Distribution of minor allele frequency of single-nucleotide polymorphisms (SNPs) based on the datasets with 5,232,558 and 
525,772 SNPs.











Segregation Distortion of Single- 








































Table 2. Density of single-nucleotide polymorphisms (SNPs) selected for inclusion in the SoyNAM6K BeadChip in 
euchromatic and heterochromatic regions of the 20 soybean chromosomes and the mean density of SNPs in each 
chromosome of the Wm82.a2.v1 assembly.
Chromo-
some No. of SNPs
No. of SNPs in 
euchromatic  
regions
No. of SNPs in 
heterochromatic 
regions








Density of SNP 
markers in each 
chromosome
Density of SNPs 
in the long arm of 
euchromatic  
region
Density of SNPs in 
the short arm of 
euchromatic  
region
 ———————————————————— Mb SNP−1 ———————————————————— 
Gm01 260 178 82 0.083 0.501 0.22 2.025 0.039
Gm02 318 316 2 0.083 12.670 0.16 0.073 0.107
Gm03 286 227 59 0.083 0.490 0.17 0.144 0.048
Gm04 237 226 11 0.083 2.763 0.21 0.208 0.048
Gm05 275 274 1 0.083 19.139 0.15 0.095 0.063
Gm06 323 265 58 0.083 0.494 0.16 0.072 0.324
Gm07 351 331 20 0.083 0.854 0.13 0.059 0.330
Gm08 376 375 1 0.083 15.787 0.12 0.062 2.770
Gm09 270 211 59 0.083 0.496 0.17 0.088 0.077
Gm10 345 291 54 0.083 0.495 0.15 0.140 0.041
Gm11 294 293 1 0.083 14.805 0.13 0.105 0.067
Gm12 212 206 6 0.083 3.829 0.19 0.149 0.056
Gm13 360 355 5 0.083 2.970 0.12 0.083 .
Gm14 279 244 35 0.083 0.839 0.18 0.304 0.046
Gm15 290 281 9 0.083 3.062 0.18 0.074 0.149
Gm16 240 212 28 0.084 0.703 0.16 0.184 0.052
Gm17 258 243 15 0.083 1.444 0.16 0.170 0.037
Gm18 472 442 30 0.083 0.856 0.13 0.061 0.154
Gm19 337 329 8 0.083 2.902 0.15 0.097 0.064
Gm20 217 214 3 0.083 9.663 0.22 2.431 0.015
Total 6000 5513 487
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Identification of Single-Nucleotide Polymorphisms 















Table 3. Number of recombinant inbred lines (RILs), polymorphic loci, recombination events (REs), and total length 
of genetic distance in each nested association mapping (NAM) family.
Population 
ID











number of REs 
per RIL
No. of unique 
REs among  
RILs
Proportion  
of total unique 
REs among  
RILs in family
No. of REs 
occurring in  
at least two  
RILs in family
No. of unique 
REs per  
RIL in family




NAM02 98 3191 6461 65.9 2427 0.38 4034 25 1224.2
NAM03 137 3253 7712 56.2 1820 0.24 5892 13 1289.0
NAM04 136 3204 7249 53.3 1768 0.24 5481 13 1252.2
NAM05 139 3389 6928 49.8 1709 0.25 5219 12 1343.4
NAM06 140 3494 6730 48.1 1516 0.23 5214 11 1159.8
NAM08 138 3267 6463 46.8 1376 0.21 5087 10 1046.3
NAM09 137 2864 5970 43.5 989 0.17 4981 7 1040.9
NAM10 139 3410 7558 54.3 1786 0.24 5772 13 1392.2
NAM11 124 3113 6863 55.3 1680 0.24 5183 14 1298.1
NAM12 138 3528 7562 54.7 1989 0.26 5573 14 1467.1
NAM13 137 3113 6926 50.5 1599 0.23 5327 12 981.2
NAM14 137 3088 7655 55.8 2167 0.28 5488 16 1171.6
NAM15 139 3435 9933 71.4 2836 0.29 7097 20 1340.3
NAM17 136 3084 6607 48.5 1716 0.26 4891 13 1218.7
NAM18 136 3203 7311 52.9 2819 0.39 4492 21 1376.2
NAM22 138 3212 7268 51.9 1527 0.21 5741 11 1448.3
NAM23 140 3393 9219 65.8 1629 0.18 7590 12 1332.0
NAM24 140 3754 7983 65.9 2758 0.35 5225 20 1486.0
NAM25 121 2470 6738 62.3 2065 0.31 4673 17 942.1
NAM26 108 3130 6799 51.9 2541 0.37 4258 24 1345.2
NAM27 131 2631 10,062 72.3 2165 0.22 7897 17 1199.7
NAM28 139 3369 7415 53.7 3028 0.41 4387 22 1425.3
NAM29 138 3322 8457 61.2 2444 0.29 6013 18 1276.5
NAM30 138 3454 7287 57.3 2853 0.39 4434 21 1363.9
NAM31 127 3317 6218 45.1 2596 0.42 3622 20 1521.4
NAM32 138 2849 7875 58.7 2118 0.27 5757 15 1055.1
NAM33 134 3376 8492 63.3 2660 0.31 5832 20 1583.6
NAM34 134 3157 7622 55.6 2605 0.34 5017 19 1504.7
NAM36 137 3111 9621 73.4 2490 0.26 7131 18 1300.9
NAM37 131 3298 7368 55.8 2932 0.40 4436 22 1637.7
NAM38 132 3146 7105 53 2523 0.36 4582 19 1106.3
NAM39 134 2887 8250 60.2 2354 0.29 5896 18 1060.3
NAM40 137 3751 5554 55.5 2977 0.54 2577 22 1401.0
NAM41 100 3007 10245 77 2166 0.21 8079 22 1058.8
NAM42 133 3405 10047 72.2 3065 0.31 6982 23 1633.8
NAM48 139 3791 9009 68.2 3303 0.37 5706 24 1692.6
NAM50 132 3163 8929 63.7 2765 0.31 6164 21 1763.8
NAM54 140 3678 7863 63.4 3126 0.40 4737 22 1420.1
NAM64 124 3552 8975 65.9 2855 0.32 6120 23 1729.9
Total 5176 126,859 302,329 2280.3 89742 – 212,587 682 51,890.0
Average 129.4 3171.5 7558.2 58.5 2301.1 0.3 5450.9 17.5 1330.5





































































Fig. 3. Number of recombination events vs. each recombinant inbred line (RIL) sorted by the number of recombination events.













Table 4. Number of polymorphic loci and loci with segregation distortion in euchromatic and heterochromatic 
























































SNPs and with 
more of the 
IA3023 parent 
genotype
NAM02 2975 206 21 0 0.71 0.00 0.66 12 9
NAM03 3014 201 143 12 4.74 5.97 4.82 59 96†
NAM04 3020 181 393 29 13.01 16.02 13.18 97 307†
NAM05 3149 234 14 9 0.44 3.85 0.68 17 6
NAM06 3239 249 75 3 2.32 1.20 2.24 53 25
NAM08 3055 191 89 22 2.91 11.52 3.42 78 33
NAM09 2698 160 114 1 4.23 0.63 4.02 102 13
NAM10 3171 229 65 10 2.05 4.37 2.21 32 43†
NAM11 2875 214 44 17 1.53 7.94 1.97 18 43†
NAM12 3334 179 41 13 1.23 7.26 1.54 28 26
NAM13 2867 213 140 22 4.88 10.33 5.26 115 47
NAM14 2899 164 103 11 3.55 6.71 3.72 71 43
NAM15 3174 214 144 3 4.54 1.40 4.34 26 120†
NAM17 2886 179 92 1 3.19 0.56 3.03 1 91†
NAM18 3061 140 283 4 9.25 2.86 8.97 186 95
NAM22 2962 163 61 1 2.06 0.61 1.98 13 47†
NAM23 3134 244 40 2 1.28 0.82 1.24 7 19†
NAM24 3546 201 198 3 5.58 1.49 5.36 127 69
NAM25 2188 138 1158 87 52.93 63.04 53.53 611 616†
NAM26 2858 210 12 0 0.42 0.00 0.39 2 10†
NAM27 2477 130 44 1 1.78 0.77 1.73 11 34†
NAM28 3183 179 90 2 2.83 1.12 2.74 7 85†
NAM29 3082 172 20 3 0.65 1.74 0.71 8 15†
NAM30 3293 157 61 0 1.85 0.00 1.77 51 10
NAM31 3072 239 14 1 0.46 0.42 0.45 3 12†
NAM32 2676 165 59 3 2.20 1.82 2.18 6 56†
NAM33 3174 194 107 4 3.37 2.06 3.30 9 102†
NAM34 2875 239 32 3 1.11 1.26 1.12 6 29†
NAM36 2935 161 17 0 0.58 0.00 0.55 2 15†
NAM37 3052 236 178 9 5.83 3.81 5.69 25 162†
NAM38 2826 221 32 0 1.13 0.00 1.05 3 29†
NAM39 2754 124 65 0 2.36 0.00 2.26 15 50†
NAM40 3539 207 79 3 2.23 1.45 2.19 64 18
NAM41 2828 177 53 2 1.87 1.13 1.83 47 8
NAM42 3225 173 31 15 0.96 8.67 1.35 4 42†
NAM48 3569 217 80 3 2.24 1.38 2.19 13 65†
NAM50 2926 229 31 5 1.06 2.18 1.14 3 33†
NAM54 3414 260 136 2 3.98 0.77 3.76 19 119†
NAM64 3331 210 42 15 1.26 7.14 1.61 3 54†
Total 118336 7600 4401 321 158.61 182.31 160.18 1954 2696
Mean 3034.3 194.9 112.8 8.2 4.07 4.67 4.11 50.1 69.1
† Families containing more segregation distortion SNPs with IA3023 alleles.

































Fig. 4. Distribution of single-nucleotide polymorphisms (SNPs) with segregation distortion in euchromatic and heterochromatic regions 
of chromosomes across families. Red bar, SNP with bias favoring the IA3023 allele; green bar, SNP with bias favoring the non-IA3023 
parent allele.



























































NAM02 137,376 18,164 130,571 9,478 1046 8,904 6.3 5.4
NAM03 188,469 29,946 191,339 11,839 1578 13,159 7.3 5.9
NAM04 182,766 31,773 192,983 10,400 1774 11,753 7.8 7.4
NAM05 205,415 29,670 199,743 15,073 2316 14,178 6.8 7.3
NAM06 212,523 33,573 204,892 15,658 2654 15,528 7.4 7.8
NAM08 191,085 29,414 198,974 13,107 1612 10,875 7.0 6.3
NAM09 177,937 23,231 166,656 10,077 1176 10,052 6.3 5.5
NAM10 198,273 33,514 204,878 13,786 2251 14,749 7.7 7.3
NAM11 161,501 27,643 164,739 11,481 2165 12,022 7.8 8.4
NAM12 214,352 31,303 210,570 11,076 1658 11,259 6.9 6.9
NAM13 183,664 28,315 177,599 12,647 2464 13,030 7.3 8.8
NAM14 181,339 30,663 178,459 10,158 2074 9,930 7.9 9.4
NAM15 199,386 29,286 202,641 13,125 2098 13,030 6.8 7.4
NAM17 171,979 30,382 186,886 10,605 2033 11,367 7.8 8.5
NAM18 190,891 34,747 177,333 7,981 1603 8,380 8.6 8.9
NAM22 189,155 32,733 184,624 9,771 1505 10,876 8.1 6.8
NAM23 206,480 31,527 198,523 15,663 2084 15,575 7.2 6.3
NAM24 218,330 38,385 228,951 12,165 2030 12,586 7.9 7.6
NAM25 110,672 34,437 113,319 6,971 2100 6,322 13.3 13.6
NAM26 138,123 15,769 146,163 10,072 1055 10,773 5.3 4.8
NAM27 147,170 16,572 151,658 7,593 844 7,981 5.3 5.1
NAM28 157,236 19,393 168,471 8,699 895 9,327 5.6 4.7
NAM29 199,634 23,375 195,512 10,400 1303 10,962 5.6 5.7
NAM30 212,150 26,723 204,617 9,949 1569 9,511 6.0 7.5
NAM31 178,736 20,038 182,849 13,479 1717 13,985 5.3 5.9
NAM32 170,639 18,572 172,970 10,088 1191 10,422 5.1 5.5
NAM33 196,959 20,190 198,420 11,541 1372 12,345 4.9 5.4
NAM34 179,375 19,454 177,061 14,827 1556 14,700 5.2 5.0
NAM36 185,667 16,839 188,461 10,716 869 9,736 4.3 4.1
NAM37 172,152 26,610 197,506 13,509 1984 14,495 6.7 6.6
NAM38 167,609 19,300 177,628 12,418 1687 13,557 5.3 6.1
NAM39 172,478 18,277 168,238 7,450 805 7,890 5.1 5.0
NAM40 220,893 20,788 232,400 11,883 1305 13,888 4.4 4.8
NAM41 133,353 16,567 133,503 8,262 1016 8,303 5.8 5.8
NAM42 190,180 25,534 202,135 9,491 1335 10,924 6.1 6.1
NAM48 216,265 32,361 230,948 13,012 2149 13,666 6.7 7.5
NAM50 175,428 17,434 182,168 13,513 1681 13,398 4.6 5.9
NAM54 226,887 24,489 212,636 16,055 2043 16,041 5.3 6.0
NAM64 190,964 18,690 195,562 10,878 1408 12,896 4.6 5.6
Total 7,153,491 995,681 7,232,586 444,896 64,005 458,375 253.4 258.7
Mean 183,422.8 25,530.3 185,450.9 11,407.6 1641.2 11,753.2 6.5 6.6
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